The antibacterial effects of salivary nitrate/nitrite on the growth of three Desulfovibrio species were examined. The bacteria did not grow on plates with 0.2 mM nitrate or 1.0 mM nitrite. They were also incubated in filter-sterilized saliva. D. desulfuricans was reduced on the order of >10 2 compared with the control solution (phosphate-buffered saline) in nine out of the 10 participants.
Dietary nitrates, mainly from vegetables, fruits, and water, are absorbed into the bloodstream from the stomach and small intestine and concentrated by a factor of 10 to 20 by the salivary glands. 1) Both diet and indigenous nitrate due to the oxidation of nitric oxide synthesized from L-arginine are significant sources of plasma nitrate. 2) Salivary nitrate is then reduced to nitrite by oral microorganisms are usually found in saliva at concentrations of 0.3 to 2.6 mM 3) and 0.2 to 2.0 mM. 4) Salivary nitrate/nitrite might have antimicrobial effects against food and water-borne pathogens. 5) We hypothesize that the addition of a physiological level of nitrite to gastric acid renders it bactericidal, possibly because of acidified nitrite and other active nitrogen species. 5) Acidified nitrite is also antibacterial against oral pathogens, such as the cariogenic bacteria, Streptococcus mutans, 6) and periodontal bacteria, including Fusobacterium nucleatum, Eikenella corrodens, and Porphyromonas gingivalis.
4)
The addition of nitrate is effective in preventing the production of highly toxic hydrogen sulfide, a metabolite of anaerobic sulfate-reducing bacteria (SRB), under environmental conditions, as in waste-water and oil reservoirs. 7, 8) Adding nitrate causes an increase in the redox potential level and can result in bacterial growth inhibition.
7) The genus Desulfovibrio, a common SRB in the human intestine, 9) includes opportunistic pathogens 10) and is considered to be an etiologic agent associated with chronic periodontitis 11) and ulcerative colitis. 12) To our knowledge, no information is available on the effect of salivary nitrate/nitrite on Desulfovibrio spp. growth. Hence, the purpose of this study was to investigate the effect of salivary nitrate/nitrite on the growth of Desulfovibrio species before and after the ingestion of vegetables that contain high levels of nitrates.
D. desulfuricans (NRBC 13699) and D. vulgraris (NRBC 104121) were purchased from the Biological Resource Center (National Institute of Technology and Evaluation, Chiba, Japan). D. piger (GAI 05137) and D. fairfieldensis (GAI 05146) were provided by the Division of Anaerobe Research, Life Science Research Center, Gifu University. To date, the four Desulfovibrio species described above have been isolated from humans. C in a container with Anaeropack-Anaero (Mitsubishi Gas Chemical, Tokyo, Japan).
Each bacterial species was inoculated onto nitrate-or nitrite-containing Chalgren-Anaerobe agar plates in duplicate with an inoculation loop. The final medium concentrations were adjusted to 0.2, 0.5, 1.0, 5.0, 10.0, and 20.0 mM by adding a solution of 200 mM sodium nitrate or of 200 mM sodium nitrite (Kanto Chemical, Tokyo, Japan). All the plates were incubated at 37 C in a container with Anaeropack-Anaero (Mitsubishi Gas Chemical, Tokyo, Japan). The experiment enrolled 10 healthy university students and staff volunteers (nine male and one female, aged 22 to 42 years). Written informed consent was obtained from all participants, and the study protocol was approved by the Human Ethics Committee of Iwate University. The participants were asked to refrain from eating vegetables at breakfast. Before and 30 to 40 min after eating 150 g of lettuce, which is tantamount to 159 mg of nitrate, 14) 8 to 9 mL of whole saliva was collected. The nitrate/nitrite concentration in saliva usually rises within 30 min after nitrate loading, and remains at a high level for 4 h. 1) Approximately 6.5 mL of each saliva sample was centrifuged at 3,500 rpm (8;000 g) for 5 min. The supernatant liquid was filtered with a filter (PuradiskÔ 25 mm, GE Healthcare UK, Buckinghamshire, UK). After incubation, all bacterial cells were harvested and suspended in 1 mL of phosphate-buffered saline (PBS) solution at pH 7.4 yielding a final concentration of approximately 10 9 cells/mL (turbidity, McFarland's no. 6). Ten mL of each bacterial suspension was inoculated into 1 mL of filter-sterilized saliva or PBS solution as negative control. The culture was incubated at 37 C for 4 h. After 4 h, 100 mL of bacterial slurry containing the Desulfovibrio species was serially diluted to 10 À2 , 10 À3 , and 10 À4 in PBS solution for viable bacterial counting. The bacterial suspension and the control were also serially diluted, to 10 À4 , 10 À5 , 10 À6 , and 10 À7 . One hundred mL of each dilution was inoculated onto Chalgren-Anaerobe plates and incubated at 37 C in a container with Anaeropack-Anaero (Mitsubishi Gas Chemical, Tokyo, Japan). Each whole saliva sample was diluted 100-fold with deionized water and filtered (Whatman Grade no. 2). The nitrite concentrations were measured by a standard colorimetric method involving diazotization with sulphanilamide and coupling with N-(1-naphthyl)ethylendiamine to form an azo-dye, which was measured spectroscopically at 540 nm. Nitrate was measured after reduction to nitrite by passing it though a cadmium-copper column. A rate of more than 95% reduction was obtained with 10 mM of standard solution.
D Table 2 ). The number of D. desulfuricans (cfu/mL) was reduced in all the participants. A 10 2 order of reduction was seen in nine out of 10 participants after incubation of pre-or post-prandial saliva. The difference between pre-and post-prandial saliva was not clear, because an increased number of D. desulfuricans (cfu/mL) was seen in three participants. D. vulgraris grew in the control solution, and colonies were detected on 6 out of 20 plates after incubation with the saliva solution, and the number of cfu/mL was reduced on the order of >10 2 as compared to control. D. fairfieldensis did not grow on any plates in this experiment (Table 2) .
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SRB are strict anaerobes, and it might have been expected that they would be found primarily at sites at which the redox potential is low, as in subgingival plaque. However, SRB is commonly found at higher redox sites as the posterior tongue, anterior tongue, and vestibular mucosa in the oral cavity of healthy adults. 15, 16) Willis et al. 15) have suggested that oxygentolerant SRB strains may be expected to grow in areas of unfavorable redox potential, such as the oral cavity. Many studies have indicated that nitrate also eliminates odors caused by sulfate-reducing bacteria. Our results, which indicate that microorganism growth is inhibited even at 0.2 mM nitrate, are consistent with previous studies. Myhr et al. 8) have reported that injection of 0.5 mM nitrate over 2.5 to 3.5 months led to complete elimination of hydrogen sulfide in an oil reservoir model column. In fecal batch culture, the addition of nitrate to a final concentration of 1.0 mM resulted in a 68% reduction in hydrogen sulfide after a 24 h of incubation. 17) After incubation in saliva, the number of Desulfovibrio colonies was significantly reduced as compared to the control, indicating that saliva has antibacterial effects on bacteria. Although the levels of nitrate and nitrite are increased, the effect of eating vegetables on the growth of the bacteria is not clear. Higher numbers (cfu/mL) were seen after incubation of postprandial saliva in some participants. The antibacterial effect of nitrate/nitrite on the bacteria was difficult to observe, probably due to rich ions, carbohydrates, and proteins in the saliva. In addition, fasting saliva usually contains approximately 0.2 mM nitrate, which might be enough for an antibacterial effect on Desulfovibrio. In conclusion, the results of this study suggest that human saliva significantly inhibits the growth of Desulfovibrio species, probably due to nitrate and nitrite.
